Immunostaining. The S2 cells carrying pMT-mitoXhoImyc were induced with 100 μM CuSO 4 for 24 hrs, and loaded with 100 nM Mitotracker green (Molecular Probe # M7511) for 30 min. The Cells were fixed with 4% formaldehyde in PBS for 5 min and permeabilized with PBS containing 0.1% Triton X-100. An anti-myc antibody (1:400, Santa Cruz, Sc-789) was used. The images were acquired using a deconvolution microscope (Delta-vision RT; Applied Precision).
Fly genetics. All the flies were maintained on cornmeal-agar-molasses medium at 25 °C under ambient light condition. The transgenic flies expressing MitoXhoI were generated through standard germline transformation procedures. To select for mitochondrial mutations, UASpmitoXhoImyc (abbreviatedUASp-mitoXhoI below and in the main text) flies were crossed to nanos-GAL4 flies (Bloomington #, 4937). The resulting F1 females (UASp-mitoXhoI/+; nanos-GAL4/+) were crossed to w 1118 males. The escaper F2 females were picked and mated with w 1118 males to establish stocks. mtDNA genotypes were determined by restriction enzyme digestion and sequencing. In all of the experiments, w 1118 flies were used as a wild type control.
Climbing test. Climbing tests were carried out as previously described 1 . For each test, ten 2-3 day old flies or ten 2-week old flies were transferred to a glass test tube (15 cm long, 1.5 cm diameter) with a mark 10 cm from bottom and parafilm covering the opening. After 2 hr for acclimation, the flies were knocked down to the bottom by gently tapping the tubes. The tubes were held upright under a fiber optic light. The time required for 50% of the flies to climb to the 10 cm line was recorded. Three trials were conducted for each group, and three groups were used for each genotype.
ATP determination. ATP levels were determined as previously described 2 . Five 2-3 day-old male flies of each genotype were homogenized in guanidine extracting buffer (6M GuanidineHCl, 100mM Tris-HCl, pH7.3). The supernatants were collected after centrifugation. 1/500 dilution was used to determine the ATP level using an ATP determination Kit (Molecular Probes #A22066). The absolute ATP levels were normalized with protein concentration determined by Bradford assay. The average of 3 sets of wild type controls was used as standard for normalization. Each data point is the average of 3 independent experiments.
Cytochrome c oxidase (COX) activity. COX activity was measured as previously described 3 with minor modification. Before being used as a substrate in the assay, commercially purchased cytochrome c (10 mg/ml, equine heart, EMD Biosciences #250600) was reduced with 10 mg/ml ascorbate in sodium phosphate buffer (0.1M sodium phosphate, pH 7.2). The ascorbate was dialyzed out overnight at 4ºC in sodium phosphate buffer using Slide-A-Lyzer Dialysis Cassettes (3500 kDa MW cut-off, Pierce #66330). Reduced cytochrome c was diluted to 25 mM using the extinction coefficient at 550 nm of 29.5 mM -1 cm -1 . For each experiment, six 2-3 day old male flies were homogenized in 100 µl sodium phosphate buffer containing 0.05% Tween 80, and further diluted by adding 1 mL buffer. Insoluble material was removed by centrifugation at 4000g for 1 minute. A 200 µl aliquot of supernatant was mixed with 750 µl of 25 µM reduced cytochrome c in a plastic cuvette, and the optical density at 550 nm was recorded every 2 sec for 5 min using SWIFT II Wavescan software (version 2.02, Biochrom Ltd). Maximum velocities were calculated by the software and were used to represent relative COX activity. Each bar on the graph is the average of at least 3 independent experiments. Electron microscopy. To examine retinal morphology, flies were raised under a 12 h light/dark cycle at 25 °C. The hemisected fly heads were fixed in 4% paraformdehyde plus 1% glutaraldehyde in PBS overnight, and post-fixed with 1% Os 2 O 4 . After dehydration with ethanol series, the samples were embedded in LR white. The 8 nm thin sections were stained with uranyl acetate and lead citrate and viewed on a transmission electron microscopy. The same protocol was also used for TEM analysis of indirect flight muscle, except that the dissected muscle bundles were embedded in 1% low melting agarose after fixation to preserve the tissue integrity. For scanning EM analysis, the flies were dehydrated through ethanol series, sputter-coated and imaged using Hitachi TM-1000 scanning electron microscope.
Sperm motility test.
One-week-old male flies were hold away from female flies for 5 days and seminal vesicles were dissected out and gently broken with forceps in Ringer's solution. The bulk of sperm burst out from the seminal vesicles and started to wiggle around. The movement of sperm was videotaped for 15 sec. In the presence of a mitochondrially-targeted restriction enzyme that can digest wild type mtDNA (green circle), the cells that do not contain any enzyme-resistant mitochondrial genome will lose all of their mtDNA and be eliminated. Those cells harboring enzyme resistant mtDNAs (red circle) will survive the selection by repopulating their mitochondria with these mutant mtDNAs. flies showed dramatically reduced COX activity (0.48±0.04 of wild type) and ATP levels (0.67±0.02 of wild type). There were no significant changes in mt:CoI A302T and mt:CoI R301L flies compared to wild type. NA, Not addressed or mentioned in associated studies. A. The mutants recovered from genetic screening for defective G1-S transitions are not included in this table 8, 9, 10 , as these studies mainly focused on mitochondrial involvement in cell cycle progression, rather than those physiological aspects related to human mitochondrial diseases. B. mt:CoI R301S showed growth retardation, which was absent in the other two CoI alleles and not addressed in the studies regarding other mutants in this table. C. COX activity was not directly determined in the associated study. Normal COX activity is predicted from the result that mutant flies have a normal respiration rate. D. cyclope flies are lethal. The phenotypic characterizations are either based on heterozygote flies or mitotic clones. E. There is no classical mutant available for Surf1 gene. The study was conducted using RNAi knockdown. Ubiquitous knockdown of Surf1 results in lethality. Some phenotypic assessments were based on tissue specific RNAi.
